Introduction
H ii galaxies are dwarf galaxies undergoing an intense episode of star formation (SF) that dominates their total optical luminosity. Most H ii galaxies overlap in their observed properties, with Blue Compact Dwarf (BCD) galaxies; indeed, many are found in both samples. Typically, they have relatively small physical sizes (with a few kpc in size), and the starburst regions spatially cover the visible extent of the galaxy, making it difficult to access the presence of an underlying (or host galaxy) stellar population. Originally, their low heavy element abundance and the non-detection of an old population have given rise to the question of whether they may be presently forming their first generation of stars (Sargent & Searle 1970) . Recent works, however, have shown that most H ii galaxies seem to present an underlying population from previous episodes of SF (e.g., Telles 1995; Papaderos et al. 1996; Cairós et al. 2003) . So, the integrated light observed in H ii galaxies is formed by the contribution of two main components, the young stellar population with ages of a few Myr to tens Myr and an underlying population of intermediate (with ages of hundreds Myr) to old stars (with ages ≥ 1 Gyr).
The structure of the Interstellar Medium (ISM) found in H ii galaxies (Lagos et al. 2007 , and references therein) have profound implications for the origin of the present starburst and the dominant large scale mode of SF. While many high luminosity H ii galaxies show evidence of morphological disturbances that may be associated with interactions or ongoing minor mergers (e.g., Bergvall &Östlin 2002) , less luminous and compact H ii galaxies defy our attempt to find morphological signatures of an external triggering agent . In fact, H ii galaxies seem to be typically isolated and not associated with giant galaxies (Telles & Terlevich 1995) , and their clustering properties seem to be similar to those of normal galaxies (Telles & Maddox 2000) . There have been, however, many attempts to search for HI companions (Taylor 1997) and intrinsically faint optical companions (Noeske et al. 2001; Pustilnik et al. 2001) . In these studies, it was concluded showing regular and elliptical isophotes with red colors indicative of an evolved stellar population. The host galaxy in H ii galaxies has been studied in the literature based on the analysis of both optical (e.g., and near infrared (near-IR) images (e.g., Cairós et al. 2003; Noeske et al. 2003 Noeske et al. , 2005 and spectroscopy (e.g., Raimann et al. 2000; Westera et al. 2004 ). Thuan (1983) observed, in the near-IR, a sample of BCD galaxies and showed that the light in these galaxies is due to the presence of K-and M-giant stars. The study of the structural parameters of the host galaxy (exponential scale length (α 0 ) and central surface brightness (µ 0 )) has been commonly used in the literature to evaluate the evolutionary relations between the different types of dwarf galaxies (e.g., Papaderos et al. 1996; Gil de Paz & Madore 2005 , and references therein). The derivation of the ages and spatial distribution of these stellar populations is the first step towards establishing the evolutionary state and the SF history of these galaxies.
We present near-IR broad-band J, H and K p and Brγ narrow-band images of three low luminosity H ii galaxies: Mrk 36, UM 408, and UM 461. Our aim is to describe the properties of the star clusters or complexes which are distinguishable with our superb ground-based high spatial resolution images with NIRI on the Gemini North telescope as well to determine the structural properties of the underlying galaxy using surface photometry. These observations in combination with a proper assessment of recent stellar population synthesis models allow us to put some constraints on the recent and past history, and the dominant large scale mode of SF in these galaxies.
The paper is arranged as follows: In § 2 we describe the sample, the observations, and data reduction. In § 3 we present the results and derive the properties of the star clusters/complexes and the LSB component. In § 4 we discuss our results and finally in § 5 we summarize our conclusions.
2. Sample, observations and data reduction 2.1. Our sample We targeted two galaxies Mrk 36 and UM 461, that are particularly rich in giant starforming knots and one compact H ii galaxy, UM 408, with less evidence of multiple knots of SF. The light collecting power of the Gemini North telescope and the high spatial resolution permitted by NIRI are an excellent combination for resolving the star cluster or/and star cluster complex populations in these compact galaxies. In the following paragraphs we describe the main properties of our sample of galaxies.
Mrk 36 (Haro 4, UGCA 225 ) is a compact H ii galaxy showing at least two large star-forming knots (Lagos et al. 2007 ) in the south-eastern part of the galaxy. Thuan (1983) reports integrated near-IR colors (de-reddened) of J − H = 0.38 and H − K = 0.42, while Hunter & Elmegreen (2006) reports integrated colors of J − H = 0.422 ± 0.100 and H − K = 0.543 ± 0.310. The regions of largest Hβ line emission (Lagos et al. 2007 ) and HI maps (Bravo-Alfaro et al. 2004) coincide, indicating that the current SF is restricted to the dense region of the parental cloud. Bravo-Alfaro et al. argue that a transient encounter between Mrk 36 and the neighboring spiral Haro 26 could explain both the SF in the former and the pronounced warp in the latter. Finally, recent radio observations with the VLA in 1.4, 4.9 and 8.4 GHz by Rosa-González et al. (2007) have shown that Mrk 36 has a nearly flat radio spectrum dominated by thermal emission, similar to the regions detected by Johnson & Kobulnicky (2003) in Henize 2-10. This may be an indication that the first contribution of the synchrotron emission to the low frequency emission, due to the first supernova (SN) explosions, has not yet appeared. These integrated properties show definite evidence of a very young starburst.
UM 408 is a compact galaxy with a projected size of ∼1kpc. Although this galaxy was resolved as a single H ii region in previous studies (e.g., Gil de Paz et al. 2003) , two giant regions in the central part of the galaxy were detected by Lagos et al. (2009) , with ages of ∼5 Myr and stellar masses of ∼10 4 M ⊙ . Using GMOS-IFU observations Lagos et al. (2009) showed that the metal content in the ISM of this galaxy is well mixed and homogeneously distributed throughout the galaxy, in the same way as in other dwarf galaxies.
UM 461 (PGC 037102) is a well studied H ii galaxy. This object has a very compact and bright off-center nucleus, some small regions spread along the galaxy , and an external envelope that is strongly distorted towards the south-west. Doublier et al. (2001) and Noeske et al. (2003) have obtained integrated near-IR colors that differ significantly from each other, with J-H=0.99 and H-K=-0.68 and J-H=0.47 mag and H-K=0.2 mag, respectively. Taylor et al. (1995) proposed that UM 461 was formed together with UM 462 by tidal interaction. But the HI maps of UM 461 and UM 462 do not show that these galaxies are tidally interacting, therefore it is unlikely that these objects induced the star formation on each other (Van Zee et al. 1998 ).
Finally, the presence of He ii λ4686 emission bump of Wolf-Rayet (WR) stars has been reported in the integrated spectra of Mrk 36 and UM 461 (Conti 1991) .
Observations, data reduction, and calibration
Broad-band J(1.25µm), H(1.65µm), K p (2.12µm), and narrow-band Brγ(2.17µm) images were obtained using the NIRI instrument on the Gemini North telescope on 2005 August 02 (UM 408), November 24 (Mrk 36), and December 29 (UM 461). We used the f/6 camera which provides a field of view of ∼120 ′′ ×120 ′′ using the 1024×1024 pixels ALLADIN InSb detector, with a pixel scale of 0 ′′ .116 on side. The observations were performed under photometric conditions. Table 1 lists all observational parameters and values adopted in this work. In this Table, Column (1) gives the object name. Columns (2) and (3) give the α and δ coordinates (J2000), respectively. Column (4) gives the observed heliocentric velocity (vel.) and the 3K CMB (Cosmic Microwave Background radiation) corrected distance from NED. Columns (5) and (6) give the oxygen abundance and extinction c(Hβ) for these galaxies obtained from the literature. Column (7) gives the galactic extinction E(B-V) from the extinction maps of Schlegel et al. (1998) . In Column (8) we present the date of observation. Column (9) shows the filter used in each observation and Columns (10) and (11) give the exposure time in seconds, considering the different coadd exposures and the mean air mass of each observation, respectively. Finally, Column (12) shows the instrumental constants C λ of the transformation equation for flux calibration as described below in this section.
The data were reduced following the standard procedures for near-IR imaging using the Gemini/NIRI package version 1.8 inside IRAF
1 . For each filter, a normalized flat was constructed from the flat images observed with the calibration unit with the shutter closed (lamps off) and with the shutter open (lamps on). The bad pixel mask was constructed by identifying the bad pixels in the flat images with shutter off. The sky images were constructed from the raw science images by identifying all objects in each frame, masked out, and averaging the remaining good pixels (images were observed with a dither offsets of 10 ′′ and 20 ′′ for all galaxies). The raw science images were processed by subtraction the sky on a frame-by-frame basis and dividing by the normalized flat field images. The final flat-fielded, sky subtracted images were then registered to a common pixel position and median combined.
In order to obtain a photometric calibration, we observed two standard stars: FS130 (GSPC P264-F) and FS21 (GD140) for the observing run of Mrk 36, FS4 (SA93-317) and FS6 (Feige 22) for UM 408, and FS19 (G162-66, LTT 3870) and FS20 (G163-50, LTT 4099) for the observations of the galaxy UM 461. For each filter, the photometric calibration was obtained using the following equations:
where m λ 0 is the magnitude in the standard system, m λ i is the instrumental magnitude with c the number of counts and t the exposure time, χ the air mass, K λ the extinction coefficient and C λ the instrumental constant (λ=J, H, K p ). The instrumental constant C λ was calculated as the average value from the standard stars. Given the limited number of standard stars observed, we have used the average value of extinction to the "Mauna Kea" observatory (MKO) K λ =0.1, 0.06 and 0.09 (Krisciunas et al. 1987 ) to the filters J, H and K, respectively. The instrumental C λ constants used for each galaxy are listed in the last column of Table 1 . To compare the observed K p measures with evolutionary synthesis models, we transformed the K p into K magnitudes using the relation K p = K + 0.22×(H-K) (Wainscoat & Cowie 1992) . We selected star clusters/complexes by visual inspection of the images and using daofind in DAOPHOT. We fitted the detection threshold properly, with a value of 2.5σ above the local background, in order to detect sources in the starburst region that in the case of H ii/BCD galaxies spatially cover the visible extent of the galaxies. All the clusters or complexes in this study have been detected in the J, H and K p band. The final catalog of objects is shown in § 3.1.
The Brγ images were calibrated using a procedure similar to that described in Lagos et al. (2007) . We convolved the stellar Spectral Energy Distribution (SED) with the response of the narrow-band filter. To do this we used the SED, appropriately scaled, of stars with the same spectral type as our standard stars obtained from the literature. Finally, we subtracted the continuum, estimating their contribution from the modeled SED for a given age of the regions obtained below in § 3.1.2. Table 2 shows the observed integrated magnitudes for all the galaxies, uncorrected for Galactic extinction. The magnitudes were calculated by measuring the flux inside fixed apertures of radii 14 ′′ , 6 ′′ , and 12 ′′ for the galaxies Mrk 36, UM 408, and UM 461, respectively. Foreground objects have been masked out.
Completeness limits
We quantified our detection limits and test the reliability of the derived magnitudes using a series of completeness tests by adding artificial extended objects to our images. First, we created an empirical point spread function (PSF) for isolated point-like sources in the NIRI images. Given that the observed field of view (FOV) is relatively small (∼120 ′′ ×120 ′′ ), there is a possibility that these point-like sources are non-stellar. So these objects were selected by eye and we ruled out sources with irregular PSF shapes. Using this information we added 20-50 artificial extended objects distributed in a regular square array. Models of these extended sources were generated using mksynth in BAOLAB (Larsen 1999) and were added to the science images. Magnitudes were randomly assigned to each position from 16.00 mag to 23.00 mag with an interval of 0.5 mag. Finally, we compared the number of added and recovered sources in each galaxy. The estimated completeness fraction for objects as a function of magnitude for the K p band is shown in Figure 1 . The completeness goes down to 20.2 mag in Mrk 36, 21.5 mag in UM 408 and 22.03 mag in UM 461 with ∼90 % of the objects recovered in the K p band. Figure 2 shows the three galaxies observed and studied in this work (Mrk 36, UM 408, and UM 461) in the K p and Brγ bands, respectively. All galaxy images reveal the presence of bright regions and/or star cluster complexes, given the apparent sizes of these regions in Figure 2 , surrounded by LSB envelopes. Brγ emission is detected in all galaxies, but only the brightest regions show clear evidence of intense emission given by our detection limit. The unprecedented high spatial resolution images obtained for Mrk 36 allow us to identify, for the first time using ground-based telescopes, the elementary structures within the starburst. Mrk 36 shows a plethora of small clusters, distributed over the entire extension of the galaxy, but with a previously unresolved concentration in the central knot. The Brγ emission shows a peak in this region, indicating the young nature of these clusters. We also observed the presence of other groups of bright clusters in the K p image located in the northern region of the galaxy with weaker Brγ emission. Here we named these two groups of regions as complex I and complex II, respectively. The galaxy UM 408 appears quite compact and regular, and the K p -band image shows that the star-forming regions are distributed in a clearly defined ring-like geometry, composed of five almost regularly spaced regions where the current SF is occurring. The largest region is located in the eastern part of the galaxy. We observe the presence of another region outside the central part of the galaxy. The Brγ emission in this galaxy is very regular and weak. Finally, the K p -band morphology of UM 461 is similar to that reported in previous works (e.g., Noeske et al. 2003) . The brightest region is off-center and located in the eastern part of the galaxy. This region is extremely compact and bright in Brγ. We detected a number of regions spread throughout the body of the galaxy.
Results

Properties of the star clusters/complexes
Near-IR colors
For the color analysis we considered the objects obtained from our catalog in § 2 that are brighter than m Kp ∼21 mag. We detected 33 regions in Mrk 36, 6 in UM 408 and 13 in UM 461, respectively. All regions identified in the K p -band images of the galaxies are shown in Figure 3 . Given the seeing of ∼0.
′′ 4-0. ′′ 5 we expect these regions to have diameters less than 25 pc in Mrk 36, 88 pc in UM 408, and 37 pc in UM 461. So these diameters are upper limits, and the elementary cluster population in our samples of galaxies are barely resolved. Many of the detected regions are not individual star clusters but rather blends of several individual star clusters with sizes similar to that in other star cluster complexes in the literature (e.g., Melena et al. 2009 ). In the case of Mrk 36 the detected regions are compatible with the sizes of some young star clusters detected in other H ii/BCD galaxies (e.g., M82; Melo et al. 2005) , so these regions can be considered as individual star clusters, although likely some of these sources are blended. In any case, young clusters are not formed in isolation but rather are found in cluster complexes (Zhang et al. 2001; Larsen 2004) . Hence, the properties derived are the luminosity-weighted mean value of the complex. We have to bear in mind this caveat in our analysis but we are still able to derive the light weighted properties of these knots of SF and evaluate the clumpiness properties of the large scale mode of SF in these galaxies. In Figure 3 we also show the size (∼200 pc; Walborn 1991) of the whole nebular region of 30 Doradus to compare with the sizes of the clusters in Mrk 36.
We measured the flux of the individual star cluster/complexes in all filters (including Brγ) using circular apertures with the program APER in IDL (an adapted version of the task DAOPHOT in IRAF). For each aperture, we considered only pixels with 3σ flux above the background. For each cluster we calculated the colors J-H and H-K (after the transformation of K p into K magnitudes). Figure 4 shows the color-color diagram (J-H vs. H-K) for all star clusters/complexes. In this figure we illustrate the evolutionary tracks of these colors using STARBURST99 (black line; Leitherer et al. 1999) and GALEV (orange line; Kotulla et al. 2009 ) single stellar population (SSP) models, for a Kroupa IMF, and metallicity Z=0.004 (more details in § 3.1.2). The triangles represent the observed values for clusters in Mrk 36, the stars represent the values for the star cluster complexes in UM 408, and circles represent the values for the star cluster complexes in UM 461. Filled symbols indicate the detection of Brγ in these regions. Finally, we compare our observed apparent magnitudes with the ones found in the literature. The only one cluster/complex found in the literature is the region #2 in UM 461 where Noeske et al. (2003) obtained m J =17.30 mag, that agree within the errors with our value of m J =17.34 mag. Table 3 lists the photometric values for each star cluster/complex identified in our sample of galaxies (see Figure 3) . In this Table, Column (2) shows the identification number. Column (3) shows the aperture considered to obtain the photometry in arcsec. Columns (4), (5), and (6) give the observed photometry in the J, H, and K p bands for each cluster, respectively. The † symbol over the identification number indicates that Brγ emission was measured. Finally, Columns (7), (8), and (9) give the extinction E(B-V), age in units of Myr, and the stellar mass in units of 10 4 M ⊙ of each star cluster or complex derived from the best fit comparison of the observed colors with chosen evolutionary synthesis models as described below in § 3.1.2.
Obtaining the physical properties of the star cluster/complex population Models
Absolute age dating of young star clusters in starburst galaxies has proven to be a very challenging task, due to the additional emission by dust plus gas, as well as the effects of extinction and metallicity. In relative terms the determination of ages and masses of the star cluster population within these galaxies can show some insight on the overall dominant mode of recent SF. In order to show these effects we derived the extinction and ages using our color-color diagrams (see Figure 4 ) by comparing the near-IR colors for each star cluster or star cluster complex with two independent SSP models: STARBURTS99 models (model I; this model includes pure stellar and nebular continuum) and GALEV (model II; this model includes stellar continuum, nebular continuum, and emission lines from warm ionized gas) for an instantaneous burst of SF. So we derived the ages by calculating the best fit of the models (using the chi-square method) to the observed colors for the model, varying the extinction E(B-V) from 0 to 1 in steps of 0.05 mag. We used the Galactic extinction curve given by Cardelli et al. (1989) assuming R V =3.1. The star cluster/complex masses were derived using the absolute magnitudes M k of each cluster as compared with the models. In the following paragraphs we describe the main properties of the models used in this work.
Model I : We considered the STARBURST99 model, which includes pure stellar and nebular continuum, for metallicity Z=0.004 (∼1/5Z ⊙ ), and Geneva evolutionary stellar tracks, assuming a Kroupa IMF (∝M −α ) with α=1.3 for stellar masses between 0.1 to 0.5M ⊙ and α=2.3 for masses between 0.5 and 100M ⊙ for a total mass of 10 6 M ⊙ . More details about the physics of the model in Leitherer et al. (1999) .
Model II : We compared our data with the GALEV evolutionary track for metallicity Z=0.004 and a Kroupa IMF (0.1-100M ⊙ ) including stellar continuum, nebular continuum, and gas emission. The GALEV models used in this work were kindly provided to us by Ralf Kotulla. These models were run using the Geneva evolutionary tracks with a minimum age and time resolution of 0.1 Myr, unlike the models available on the GALEV website which use the Padova isochrones and have a minimum age and time step of 4 Myr. The models also use a fraction of visible mass, which is used for the standard models available on the Web page, and which are thus twice as bright as the Padova models for the same mass. This does not affect any of the colors, but we must keep this in mind when comparing masses. The flux of the hydrogen lines were computed using atomic physics and the production rate of ionizing photons, whereas non-hydrogen line strengths are computed using metallicity-dependent line ratios relative to Hβ. More details about the input physics is given in Kotulla et al. (2009) .
Extinction, masses and cluster/complex ages
The two models (model I and II) displayed on the J-H versus H-K color-color diagram ( Figure 4) show a different path for ages 6 Myr. The track for model I and the extinction vector, in the corner of this figure, are perpendicular to the model II. Therefore, estimates of extinction could be significantly different when we use the two cases. In Columns (7), (8), and (9) of Table 3 we show the E(B-V), age and mass of the star clusters/complexes, using the two different models described above. In Figure 5 we show the distribution of E(B-V), ages, and masses for the star clusters/complexes detected in this work. In this Figure, the black distribution corresponds to the results obtained using STARBURST99 and the orange distribution to the those obtained using GALEV. From this figure it is clear that the extinction distribution is shifted to higher values when we use the model that include the contribution of nebular emission lines, meanwhile, the ages estimated using this model (model II) appear to be slightly younger and less massive than those obtained using model I.
We can ask now, what is the most appropriate model to represent the ages and masses of our sample of star clusters/complexes? The SED of the observed star clusters/complexes in some H ii/BCD galaxies show a clear excess in the near-IR, that is reflected in red H-K colors with respect to the models. This observed red excess had been reported earlier by Vanzi et al. (2000 Vanzi et al. ( , 2002 ; Hunt et al. (2003) , Johnson et al. (2004) , and more recently by Reines et al. (2008) and Adamo et al. (2010 Adamo et al. ( , 2011 in the star cluster population of other H ii/BCD galaxies. In fact Adamo et al. (2010) showed that the I and H bands are significantly affected by a similar excess. Reines et al. (2010) and Adamo et al. (2010) showed that this red excess clearly introduces a systematic offset in all of the derived parameters when all filters, from UV-optical to near-IR are included in the determination of the observed SEDs. This suggests that the models commonly used in the literature to calculate the properties of the clusters, models that include pure stellar continuum, are inadequate for age-dating studies (Papaderos et al. 1998; Anders & Fritze-v. Alvensleben 2003; Reines et al. 2010 ).
Some of the causes analyzed in the literature that have been proposed to explain this excess are: i) there may be an important contribution from nebular continuum and line emission (e.g., Papaderos et al. 1998; Vanzi et al. 2002; Reines et al. 2010) , ii) hot dust emission (e.g., Vanzi et al. 2000; Reines et al. 2008) , iii) the presence of young Red Super Giant (RSG) stars in older clusters, not properly modeled at low metalicity (Maeder & Meynet 2001; Vázquez et al. 2007 , and references therein), and iv) other sources as for example extended red emission (ERE; Witt & Vijh 2004) , produced by photoluminescence process and the presence of a population of young stellar objects (YSOs; Adamo et al. 2011 ) still surrounded by circumstellar disks.
Since there is no degeneracy in the color space between age and extinction at young ages (Figure 4) , at least qualitatively, model II explains the colors of young star clusters (Reines et al. 2010) given that only this model is able to reproduce the trend seen in the data, in Figure 4 , at young ages.
The presence of nebular continuum and emission lines in the near-IR can have a large impact on the inferred properties (affecting the mass determination) of the star clusters in H ii/BCD galaxies, and models that include this effect are the most appropriate in the study of young stellar population with ages 6 Myr. In fact, near-IR spectra of Tol 35, Tol 3, and UM 462 presented by Vanzi et al. (2002) clearly show recombination lines of HeI and HI (Brγ, Brδ and Paβ) , and excited lines. The line emission detected by Vanzi et al. is sufficient to produce their observed broad-band excess. Although hot dust and the presence of RSGs may be important factors that can contribute to the near-IR excess, we assume that the excess in the SF regions in our sample of H ii galaxies is mainly produced by nebular continuum and emission lines, hence we can use our near-IR photometric bands and model II, that include this contribution, in order to estimate the properties of the detected star clusters/complexes.
Uncertainties in the age determination
In order to estimate the uncertainties in our age calculation procedure, we calculate the best fit ages while varying the colors by their typical observational errors (as listed in Table  2 ). In Figure 6 we show the ages obtained from model II for three different extinctions E(B-V)=0.0, 0.5 and 1.0 as a function of the mean age (<age>) obtained varying the colors by their errors. We showed that in the worst case (if all the errors conspire), they can modify the solutions, but not changing significantly the properties of the sample. In this figure, we can see that for high extinction the clusters/complexes are better fitted than for lower extinctions, producing that the best fits are obtained at higher values of reddening. This is an indication that the starburst regions or complexes are dominated by highly extinguished and very young star clusters.
A major concern in our method stems from the fact that we are using near-IR bands to obtain the properties of the star cluster/complexes. The determination of absolute ages/masses of star clusters and star cluster complexes using near-IR colors, alone, could be highly uncertain and highly model dependent. It seems that better constraints of the properties of the star clusters/complexes are obtained with a large broad band coverage plus emission line equivalent widths. However, we depend on the improvement of population synthesis models and the contraints of the input parameters and ingredients, as stellar tracks, libraries at different metallicities, and inclusion of the effects of nebular emission, dust, etc. Given these uncertainties, we cannot obtain absolute ages, but our analysis, based on these observations give us a qualitative view of a rather homogeneous star cluster population. Relative ages and masses can, however, be useful in order to indicate the mode of SF at galactic scales.
We note that future high-resolution ground-based or space telescope observations using UV-UBVRIJHK broad bands are needed in order to obtain the SED of each star cluster or/and complex in our sample of galaxies and then constrain absolute ages and quantify the near-IR excess produced by other mechanism, e.g., hot dust, ERE, YSOs, RSGs in metal poor ambients, etc.
Summary of the obtained properties
In summary, we found that the star cluster population in Mrk 36 is massive with estimated masses of ∼10 4−5 M ⊙ . We detected, in this galaxy, a few clusters with masses of ∼10 3 M ⊙ . Given our detection limits, lower mass clusters are likely not to be detectable. Meanwhile, the star clusters complexes in UM 408 and UM 461 have masses from ∼10 4 M ⊙ to ∼10 6 M ⊙ . The age distribution shows that the detected star clusters/complexes are very young with ages less than ∼10 Myr in Mrk 36 and ∼5 Myr in UM 408 and UM 461, respectively. The two star clusters with colors consistent with ages >10-100 Myr, in Mrk 36, are likely old star clusters as is, likely, the case of the cluster #27. Other possibility, is that these objects are field galaxies not properly resolved. As we mentioned previously, some of the star cluster complexes are highly extinguished and young. In Mrk 36, the less extinguished clusters, in most cases, are the youngest star clusters (mainly in complex I). This feature is less clear in UM 408 and UM 461, where our resulting properties are averaged over a wider region. In the case of UM 408, our results agree with the ones obtained by Lagos et al. (2009) , where using GMOS-IFU spectroscopy they found that the highest values of extinction in the c(Hβ) map are displaced from the peaks of Hα emission. The position of the peaks of extinction found by Lagos et al. are correlated with the position of our detected star cluster complexes. This feature suggests that the current starburst episode is sweeping the gas and dust out of the center into the surrounding regions.
Finally, from a comparison of our results with the ages and masses of other star clusters in H ii/BCD galaxies studied in the literature, we see that the ranges are similar. For example, the analysis of the cluster population in UM 462 has revealed ages between 4.7 and 10 Myr (Vanzi 2003 ) with masses range from 1.2 to 7.2×10 5 M ⊙ . In the case of Haro 11 Adamo et al. (2010) found that 30% of the clusters have masses >10 5 M ⊙ , arguing that these clusters qualify as SSCs. Using HST Imaging Spectrograph (STIS) long-slit far-and nearultraviolet spectra, Chandar et al. (2004) studied a local sample of SSCs in WR starburst galaxies, including Mrk 36. They estimated an age <1 Myr for the SSC that coincides with the position of our cluster #1, the most luminous cluster in Mrk 36. Given that WR features has been reported for Mrk 36 and UM 461 in the literature and since long slit spectra are taken centered on the brightest regions, we expect the brightest clusters in Mrk 36 to be really young clusters with upper age limit in the range 2-5 Myr (Garcia-Vargas et al. 1995) . If the detected clusters, in Mrk 36, are really young, and given that their ages, masses and sizes (with diameters less than 25 pc) are similar to the properties obtained in other star clusters, particularly in interacting and star forming galaxies, we suppose that some of the most massive star clusters, found in Mrk 36, can be considered candidates to be SSCs. The sizes of the regions in the other two H ii galaxies studied here are characteristic of star cluster complexes. High spatial resolution observations in space are needed in order to resolve the elementary entities that constitute the starburst population in UM 408 and UM 461.
The spatial distribution of the star cluster/complexes
In a self-propagating SF model (Gerola & Seiden 1978 ) the gas expansion caused by stellar-wind and SNe shock waves will triger the next generation of stars. If this scenario of SF is plausible, we must derive an age trend of the star clusters, or age sequence of some groups of star clusters with respect to the spatial position. To illustrate this, we show in Figure 7 the position of the clusters in the galaxy Mrk 36. The star clusters, in this figure, are divided into two groups with masses ∼10 3 M ⊙ and ∼10 4 M ⊙ , considering three ranges in age: 1-5, 5-10 and >10-100 Myr. The spatial distribution of the star clusters/complexes, their relative ages and spatial position in the host galaxy show that there is no clear age trend, meaning that the young regions were not triggered by the action of the older ones.
In order to estimate the propagating timescale of the feedback from the star-formation activities, we calculate the crossing time t cross =R/v prop , where R is the size of the system and v prop the propagation or expansion velocity. Typically, this velocity varies from ∼10 kms −1 to ∼100 kms −1 in dwarf galaxies (e.g., van Eymeren et al. 2007 ). Denoting by R the distance between the central or brightest cluster or complex to the other clusters, we found that the propagation of SF is possible within the complexes in Mrk 36, for high expansion velocities, given that the t cross < ∆age (with a mean t cross and ∆age∼3 Myr in Mrk 36), but not on galactic scales because t cross > ∆age. For low velocities the difference between the ages of the central region (in complex I) with respect to the more distant clusters (in complex II) are ∆age≪t cross (with a mean t cross ∼30 Myr in Mrk 36), suggesting that the propagation of SF between the complexes is improbable.
Given that the star clusters/complexes are practically coeval, the star formation was produced simultaneously within time scales of the order of ∆age on galactic scales. More likely a global SF mechanism is responsible for the present SF activity in galactic scales in some H ii galaxies, whereas, self propagating SF on scales of 100 pc is still possible within the individual complexes.
Properties of the LSB component
Surface Brightness Profiles and Structural parameters
In order to obtain the surface brightness profile, for each galaxy, we fitted ellipses to the isophotes using the IRAF task ellipse. First, we manually masked the bright regions identified in the K p -band images, except the central ones, and replacing the values by the average of the adjacent regions. Then, we approximated the initial ellipse centers, ellipticities, and position angles, allowing these parameters to vary freely with radius during the fitting process. When the routine cannot proceed in the iterations as it reaches the lowest surface brightnesses, the ellipse task stops, and we fix the center, ellipticity, and the position angle with these values to produce our light profiles. Figure 8 shows the surface brightness profiles (upper panels) of the isophotal mean intensity of each galaxy in the sample, considering pixels with 1σ above the background, for the J, H, K p and Brγ filters. Brγ is in arbitrary units. We measure the fainter level limits to be µ J ≃23.50, 23.10 and 23.50 mag arcsec −2 , µ H ≃23.00, 23.10 and 23.40 mag arcsec −2 , and µ Kp ≃22.30, 22.50 and 23.00 mag arcsec −2 for Mrk 36, UM 408, and UM 461, respectively. The J-H and H-K p color profiles are shown in the lower panels of Figure 8 . We note that the color profiles show relatively constant underlying values at intermediate radii with a color gradient at large radii, indicating that their stellar populations must be fairly homogeneous in the main body of the galaxy with the presence of a old stellar population at large radii. In Figure 9 we show the pixel-to-pixel color map of the galaxies in order to compare the color spatial distribution of these galaxies with the profiles previously obtained. Again, we note that the color spatial distributions are relatively constant through the main body of the galaxies. The surface photometry of the galaxies were corrected only for Galactic extinction using the relation with R V =A V /E(B-V)=3.1 (Cardelli et al. 1989) and adopting the values from the extinction map of Schlegel et al. (1998) showed in Table 1 Column (7). We did not apply any smoothing procedure to our data in order to obtain the surface brightness at large radii.
We see that the outer part of the light profiles in Figure 8 are well represented by an exponential model (e.g., Papaderos et al. 1996; Cairós et al. 2003; Noeske et al. 2003 Noeske et al. , 2005 thus other functions are not necessary. We can express this profile in terms of the surface brightness, so we can find that µ(r)=µ o,λ +(1.086/α λ )r, where µ o,λ corresponds to the central surface brightness and α 0,(J,H,Kp) the scale length with λ=J, H and K p . Column (1) of Table 4 gives the name of the galaxies. Columns (2), (3) and (4) give the µ 0,(J,H, Kp) , α 0,(J,H, Kp) parameters and m LSB, (J,H,Kp) magnitudes of the LSB component described below in § 3.2.2, respectively. These parameters will be used in § 3.2.2 in order to calculate the integrated properties of the LSB component.
The integrated properties of the LSB component
The total apparent magnitude of the LSB component can be obtained using that m LSB = µ 0 -5 log(α) -1.995 -2.5 log(1-ε), where ε correspond to the ellipticity derived from the surface brightness profile (with constant values of ε=0.40, 0.30 and 0.33 for the galaxies Mrk 36, UM 408 and UM 461, respectively). So, we calculated the J-H and H-K colors of the LSB component from the results of the exponential fits. The colors of the LSB component in Mrk 36 are similar to those obtained previously in the literature by Cairós et al. (2003) with J-H=0.37 and H-K s =0.28 from exponential fits. For UM 461, Noeske et al. (2003) found J-H and H-K s colors, of the LSB component, that disagree and agree with our values at 1σ level, respectively. The reason for this disagreement could be the uncertainties in the sky estimation and/or the aperture differences in both studies causing the surface brightness profile obtained by Noeske et al. (2003) to be deeper with the radius compared with our profiles, thus producing higher slopes of the profiles at large radii. In summary, the LSB component of our sample of galaxies show blue J-H colors and red H-K that suggest a photometrically dominant stellar population of ages 10 8 yr. Our interpretation agrees with the age estimates given by Raimann et al. (2000) and Westera et al. (2004) for a sample of H ii galaxies (in which they include UM 408 and UM 461 in their analysis) by means of spectral population synthesis.
Finally, we estimated the stellar mass (M * ) of the LSB component for each galaxy using the M/L relationship for the H-band (see López-Sánchez 2010). We found that the stellar mass for our sample of galaxies are log(M * )= 7.89, 8.33, and 7.88 M ⊙ for Mrk 36, UM 408, and UM 461, respectively. These stellar masses are typical for BCD galaxies calculated using different photometric bands, and dominated by the contribution of the intermediate to old stellar population (e.g., 3×10
7 M ⊙ for Mrk 36; Amorín et al. 2009 ).
Discussion
Star formation occurs when the local molecular gas density exceeds a certain threshold (see Leroy et al. 2008 , and references therein), given first possibly by collisions of gas clouds, due to turbulence or gravity, and then triggered by the action of massive star evolution, e.g. stellar winds from star clusters and SNe. In many cases, the current star-formation may be triggered by external agents, as in the case of the tidal forces by a neighboring galaxy or mergers. However, for a fraction of isolated, less luminous and compact H ii galaxies, this star-formation activity may occur solely by internal processes.
The SF activity may form a fraction of bound star clusters that will survive their infant mortality and evolve. Bastian (2008) has defined the value of the present cluster formation efficiency Γ in a host galaxy as CFR/SFR, where CFR = M tot /∆t is the present cluster formation rate at which the galaxy produces a total cluster mass M tot in a given age interval ∆t. On the other hand, Goddard et al. (2010) found a correlation between the value of the present cluster formation efficiency and the SF density of the host galaxy in a sample of starburst galaxies, Γ(%)=29Σ 0.24
, where Σ SF R is the total SFR per unit of area.
The first step in the determination of the star cluster formation efficiency in our sample of galaxies is the determination of the total SF rate (SFR). We calculate the total SFR 2 using the Kennicutt (1998) Goddard et al. 2010 ) and in fact with respect to more irregular and luminous H ii/BCD galaxies, such as Tol 9 with a SFR(Hα)= 1.82 M ⊙ yr −1 (López-Sánchez 2010). Assuming a starburst area of ∼2 kpc 2 in Mrk 36, ∼8.16 kpc 2 in UM 408 and ∼1.62 kpc 2 in UM 461, we found that the integrated SFR per unit of area in Mrk 36 is Σ SF R =0.039
kpc −2 and in UM 461 is Σ SF R =0.052 M ⊙ yr −1 kpc −2 , respectively. We can now calculate the expected value of Γ using the correlation found by Goddard et al. (2010) . Thus, we obtain that the cluster formation efficiency is ∼13% in Mrk 36, ∼7% in UM 408 and ∼14% in UM 461, respectively. Hence, the star cluster efficiency in our low luminosity H ii galaxies is approximately ∼10%. This current SF efficiency is lower than the ones found in more luminous BCD galaxies as Haro 11 (Adamo et al. 2010 ) with an efficiency of ∼38%.
Using the properties of our detected star clusters/complexes showed in Table 3 , we calculate a total cluster/complex mass, by summing the masses, of 54.50×10
4 M ⊙ in Mrk 36 (with a total mass in clusters 10 4 M ⊙ of 44.69×10 4 M ⊙ ), 13.81×10 5 M ⊙ in UM 408 and 43.09×10 4 M ⊙ in UM 461. So, we calculate that the fraction of the total cluster mass with respect to the LSB host galaxy mass in Mrk 36, considering our complete range in ages, is equal to ∼0.007, ∼0.006 in UM 408 and ∼0.006 in UM 461. This implies that the inferred total current SF mass is of the order of 1% of the underlying galaxy mass, in agreement with the estimate of Westera et al. (2004) that the past history of SF in the galaxies were more active than the present one. Additionally, we calculate the SFR per unit of area for the individual star clusters/complexes using our measured Brγ emission. From these, we obtain that in the brightest regions (clusters #1 and #5 in Mrk 36 and complex #5 in UM 461) the SFR per unit of area is compatible with the values observed in starburst galaxies with values >0.1 M ⊙ yr −1 kpc −2 (Bastian et al. 2005 , and references therein). While, the majority of the star clusters/complexes have values of the order of ∼0.01 M ⊙ yr −1 kpc −2 . If we use only the total mass in clusters 10 4 M ⊙ to calculate SF efficiency, we obtain that in Mrk 36 for an age of 20 Myr our result agree, within the uncertainties, with the one obtained using the relationship of Goddard et al. (2010) . However, in the case of UM 408 and UM 461 the value of Γ is extremely high, indicating that in these cases the star forming complexes are not resolved into individual clusters, resulting in a overestimation of the Γ parameter.
We can also calculate the gas consumption time scale (τ gas ) or how long it would take before all the gas in the galaxies will be consumed at the current SFR. The consumption time scale is defined as the ratio between the available gas and the current SFR, τ gas = M gas /SFR. Assuming the total amount of gas M gas = M HI +M He +M H 2 ≈ 2×M HI (Leroy et al. 2005) , we obtain that τ gas ∼ 0. Smoker et al. 2000) . The consumption timescales in Mrk 36 and UM 461 are significantly less than a Hubble time and comparable with the times observed in spiral galaxies (Kennicutt et al. 1994) . So the SF cannot be sustained for the entire history of the galaxies, which indicates that these objects undergo a few or several short bursts of SF. While UM 408 has a gas consumption timescale longer than a Hubble time, indicating that likely the SF is relatively constant through the history of the galaxy or the HI halo may not be spatially available for the current SF.
Our findings also seem to indicate that the SF mode in our sample of low luminosity H ii galaxies is clumpy, similar to other dwarf galaxies (e.g., NGC 1569 and SBS 0335-052). These complexes or star-forming knots are formed by a few massive star clusters with masses 10 4 M ⊙ and high SFR per unit of area. Melena et al. (2009) found that the observed trends in the number and mass of the SF regions, in a sample of dwarf galaxies, is independent of the local environment and even the surrounding galaxy mass and is given by a mass function which stochastically favored SF in clusters (Adamo et al. 2010) . Billett et al. (2002) show that SSCs may require special (or fortunate) circumstances to form in dwarf galaxies, but when they do, they are very massive ( 10 4−5 M ⊙ ) and form clumps or groups of similar ages. This suggests that these clumps are likely formed in localized regions of high pressure triggered by large scale ambient gravitational instabilities, given that in dwarf galaxies most of the ISM is at low pressure (Elmegreen & Hunter 2000) . The lack of external perturbers in the most compact and isolated galaxies indicates that an additional mechanism other than tidal interactions must be considered to explain this current SF activity. This mechanism may be related to the overall physical conditions of the ISM, particularly the gas surface densities, in conjunction with stochastic effects, that allow SF to take place. Alternatively, the low current SFR implies that a burst or a triggering is not necessary, simply that the SFR has been relatively constant. However, tidal interactions or mergers are likely the primary agent to trigger the current SF in luminous and more disturbed H ii galaxies as suggested by their morphology (e.g., Telles & Terlevich 1995; Lagos et al. 2007; López-Sánchez & Esteban 2008) .
Conclusions
In this paper, a sample of three H ii galaxies (Mrk 36, UM 408, and UM 461) has been analyzed in order to study their stellar populations (star cluster complexes and the underlying host galaxy or LSB component) using new near-IR high spatial resolution images obtained on the Gemini North telescope. In our analysis we used models that include the contribution of stellar continuum, nebular continuum and emission lines. Our conclusions can be summarized as follows:
1. The presence of nebular continuum and emission lines in the near-IR produces an excess in the observed SED in young star cluster/complexes. This excess, can have a large impact in the inferred properties of the star clusters in H ii/BCD galaxies and models that include this effect are the most appropriate in the study of young stellar population with ages 6 Myr.
2. We found that the star cluster population in Mrk 36 shows masses of ∼10 4−5 M ⊙ with a few detected star clusters with masses of ∼10 3 M ⊙ distributed in the main body of the galaxy. The star cluster complexes in UM 408 and UM 461 have masses from ∼10 4 M ⊙ to ∼10 6 M ⊙ . The age distribution shows that the detected star clusters/complexes are very young with ages of a few Myr. Two likely old star clusters with colors consistent with ages >10-100 Myr have been detected in Mrk 36. The fraction of recent SF in bound clusters and/or complexes more massive than 10 4 M ⊙ is compared to the current total SFR is about 10% in our sample of galaxies.
3. The spatial distribution and ages of the star cluster/complex population seems to indicate that SF is clumpy and simultaneous. We propose that the current SF activity in our sample of low luminosity H ii galaxies is triggered by some internal mechanism instead of tidal interactions. This mechanism of SF may be related to the overall physical conditions of the ISM that produce the increase of surface densities in conjunction with stochastic effects within a time scale comparable to the mean age differences of the massive star cluster complexes.
4. The LSB component of our sample of galaxies have near-IR colors representative of evolved stellar population of at least 10 8 yr. We found that the stellar mass of this component for our sample of galaxies are log(M * )= 7.89, 8.33, and 7.88 M ⊙ for Mrk 36, UM 408, and UM 461, respectively. The fraction of the total cluster mass with respect to the LSB hosting galaxy mass in our sample of galaxies, considering our complete range in ages, is less than 1%. Table 3 ). In the upper panel of Mrk 36 we show the position of each cluster identified in the northern region of the galaxy. The circle at the corner of this panel represents the size of the nebular region of 30 Doradus (Walborn 1991 ). The lower panel shows the clusters in the central region of Mrk 36 (dashed square in the upper panel). , and UM 461 in J, H, and K p (corrected for galactic extinction) and Brγ in arbitrary units. We considered pixels with 1σ above the background. For a better visualization, the H and K p profiles are shifted by -1 and -2 mag, respectively. Bottom panels: J-H and H-K p color profiles. 
